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Although most reports on facial fractures have bedn limited
to fractures of the mandible due to blunt trauma, some studies 1 "1 0

have been concerned with fractures of the middle third of the facial
skeleton. In the last century, Le Forte1 described fractures of the
zyg-matico-maxillary complex and the detachment of facial bones from
the facial skeleton along particular planes of cleavage. More
recently, Rowe and Killey2 established a series of comparison tables
using the Le Forte classifications of facial fractures. Their
studies, particularly when supplemented with data of other investi-
gators,3"10 stand as the most comprehensive review on facial
fractures due to blunt trauma.

The ratio of mandibular fractures to mid-face fractures due
to blunt trauma historically has been considered to be 2 to 1;
however, a rise in the incidence of mid-face fractures has been
noted in recent reports on both civilian and military patients. 1 1

It is conjectured that the rise in mid-face fractures in

military patients is related to the high deployment of sophisticated
weapons in present day combat activities. The technological
advancements of these weapons have resulted in greater diversity and
maýnitude of trauma than previously experienced. 12 This investi-
gation is confi=.d to the analysis of data on facial fractures
subsequent to some of these forms of trauma.

Th,. purpo.;ta of Lhis study was to compare the relative
occurrence of mandibular, mid-face, and combinaLion fractures of the
m.ndible and mid-face due to various types of trauma which have
afflicted members of the U.S. Army. An additional purpose of this
study was t3 formulate a basis for comparatively evaluating facial
injuries caused by diverse forms of missile and blunt trauma.
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MATERIALS and METHODS

This study was based on data obtained in a survey of oral
and maxillofacial i-,j;ries at selected U.S. Army hospitals in Vietnam
during a -two-year perio6 ending 30 June 1969, and at selected
military installations in the continental United States, Berlin, and
m .iwai during z one-year period ending 30 june 1968. Data were
obcained from reports submitzed by attending Army dentists. Most of
the ?rtients who %ere reported to have suffered facial bone fractures
Swere active duty U.S. Army personnel.

Accumulated data conceraing patients with facial fractures
were divided into four general categories of trauma and arbitrarily
plIaced in a convenient order: (1) bullet trauma, (2) missile
fragment trauma, (3) "non-ballistic" missile traun'a, and (4) blunt
trauma. "Non-ballistic" missiles included rocks, gravel, glass,
falling debris, and hurled objects. The order selected for blunt
trauma injuries was: vehicular accidents, miscellaneous accidents,

sports accidents, and alt•cations.

The specific facial bones in'estigated in these trauma
categories were the mandible, maxilla, malar, and nasal bones. The
zygomatic arch and the floor of the orbit were also included as
separate entities. The mandibular fractures were further character-
ized as those with evidence of comminution and those with evidence
of avulsion.

Each trauma category was analyzed with electronic data
processing equipment for the incidence of single and con-=omitant
facial bone fracture cases, plus the incidence of specific facial
bones fractured in concomitant cases. From this data the foliowiaig
information was assembled: (1) fracttures of the mandible only, (2)
fractures exclusive to one or more mid-face bones, and (3)
combination fractures of the mandible and one or more mid-face
bones.

in order to better relate to the literature on facial
fracture., the mandibular, mid-face, and coL•-ination fractures were
expressed in ratio form. This was accomplished by selecting
mandivular fractures as the reference point from which comparisons
would be made (mandibular frvctures were assigned the value of one).
Th- values for mid-face and combination fractures were adjusted
accordingly. Thib procedure was also carried out on data reported
in iravious studies by Rowe and Killey2 and Schuchardt et al. 3

RESLTLTS

A total of 4,015 facial fracture patienta were included in
this s:udy, of which 67.4 percent (2,705) were injured by missiles
a-. 32.6 percent (1,310) were injured by blunt trauma.

2



TINDER

In the missile group: 23.6 percent (638) of the individuals
were injured by bullets, 45.4 percent (1,228) were injured by missile
fragments, and 31.0 percent (839) were injured by "non-ballistic"-
missilcs. All of the bullet and fragment injuries and about one-
1 uarter of the "non-ballistic" missile injuries ware sustained under J

7 ., combat circumstances.
1 41

In the blunt trauma group: 35.3 percent (464) were 4
associated with vehicular accidents, 16.2 percent (213) were
involved in miscellaneous accidents, 5.1 percent (67) were sports-
related accidents, and 43.6 percent (573) of the blunt trauma
-fractures were caused by altercations. About half of the vehicular
accidents and about half of the miscellaneous accidents were
sustained under combat circumstances.

Table I reveals the four general categories of trauma and
the sub-categories of blunt trauma arranged in order of their
respective single and concomitant facial bone fracture incldences.
Table !I shows the specific facial bones involved in those cases
where only one bone was fractured. in all categories of trauma
where only one facial bone was fractured, the mandible was most
frequently involved. The nasal bone ranked second in frequency of
specific bones fractured. The individual facial bones intimately
associated with the zygomatico-maxillary complex (malar, zygomaric
arch, and orbital floor) infrequently occurred as single facial bone
fractures. The greater part of the maxilla is anatomically less
intimately associated with the complex. Hence, a moderate incidence z
of =axillary fractures alOeno was observed. Table III shows the
concomitant fracture cases, and enumerates -he specific facial bones
which were fractured. In general, the bones of the zygomatico-
maxillary complex had the highest incidences of fractures in the
concomitant fracture cases. Table IV revealed that mandibular
conminution and mandibular avulsion were generally more comon in
combination fractures than in mandibular fractures alone. These
tables served as the basis for the following observations:

Bullet trauma:
Bullet wounds had the lowest incidence of single bone

fracture cases (see Table I) mainly because of the infrequent
occurrences of nasal bone fractures alone or single fractures of the
bones of the zygomatico-maxillary complpx (see Table II). Although

1 mandibular fractures alone were relatively co=on, the infrequence
of solitary fractures of mid-facial bones accounted for the low
incidence of exclusive mid-face fractures (see Table V) and the low
ratio of mid-face fractures to mandibular fractures (see Table VI) in
this group.

However, bullet wounds had the highest incidence of
concomitant facial fracture cases (see Table I) with correspondingly
high rates of specific facial bone fractures (see Table III). A
Moreover, the high incidence of mandibular fractures in those cases --
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w ith concomitant fractures (see Tables III and V) is sufficient to
affect a c~omaratively high ratio of combination fracture when
compared to 'the solitary mandibular fractures (see-Tabli VI).

M1andibular commrniwiion and mandibular avulsion were most
oftea noted in bullet trauma. They occurred eight percent more
frecuent when the mandible was fractured alone than when fractured
incombination with mid-face bones. in each fracture group,

mandibular comminution was approximately 25 percent more common than
mandibular avulsion (see Table IV).

Fragment trauma:
Although concomitant fracture cases were less frequent (see

Table I) and the rates of specific bones fractured in these cases
were less for fragment tratma than for bullet trauma (see Table III),
a higher percentage of exclusiVe mid-face fractures was recorded for4
fragment traumn (see Table V). This was due to the relatively high
numbar of solitary fractures of the maxilla or nasal bones (see Table

| I II

II) plus the relatively low number of solitary or concomitant
mandibular fractures (see Table III). The net effect was that
exclusive mid-face fractures subsequen't to fragment wounds wi-e 16.54
percent more coi~on than mandibular fractures alone (see Table V). 4
Although lower in value than in bullet trauma, the incidence of
mandibular comminution due to missile fragments was about equal in

-: mandibular fractures alcne and combination fractures. In each
fracture gopmndblrom nuinwsapproximately 30 percent

more common than mandibular avuls ion (see Table IV).

"Non-ballistic" missle trauma:

in contrast to bullet and fragment trauma, "non-ballistic"-
missile trauma was rarely associated with tissue penetration. The
incidence of single facial bone fractures due to "ýnon-ballistic" I
missiles was closer numerically to blunt trauma than it was to

-- -penetrating typ~gs of missilesý (see table I). Although the highest

percentage of nasal fractures alone were recorded In 'nonbafljstic"
=Lssile wounds, the rates of other ýFacial bone fractures either as
single or concomitant fractures were relatively low (see Tables 1i
and III). In addition, this high frequency of nasal fractures was
primarily responsible for a 17 percent higher rate of exclusive Mid-
i.compractures than solitary mandibular fractures in this group
(see Table V).

In combination fractures due to "non-ballistic" missiles,
the incidence of mandibular corminution was more than twice and the
incidence of mandibular avulsion was more than five times the
"respective values computed for mandibular frautures alone (see Table

Blunt trauma:
we nalysifo of the-sub-categories of blunt trauma revealed

thiat vehicular acoidents had the lowest i ncidence of single facial

4__4
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bones fractured concomitantly (see Table I1)4 The relatively low
frequency of nasal fractures alone (see Table II) was largely
respo.sible for the relatively low incidence of exclusive mid-face
fractures in vehicular accidents. The incidence of combination
fractur.s (see Table V) was high enough to make the ratio of these
fractures to that of mandibular fractures alone greater in vehicular
Saccidents than in any ocher form of trauma (see Table VI).

The frequent occurrence of mandibular or nasal fractures
only in miscellaneous and sports accidents (see Table II) accounts
for these types of trauma having higher incidences of single facial

l- bone fractures than did vehicular accidents (see Table I). In
addition, the incidence of concomitant fractures in these accidents
was much lower than in vehicular accidents. .Furthermore neither the
mandible nor the nasal bones were involved in concomitant fractures
due to sports accidents 'see Table III). Sports accidents were
clearly either a mandibular or a mid-facial bone fracture exclusively
(see Table V).

The highest incidence of single facial bone fractures was
J found in altercations (see Table I). The lower jaw and the nose were
such specific targets that over 81 percent of the altercations which
resulted in facial fractures had a fracture of either the mandible
alone or the nasal bones alone (see Table Ii). The few concomitsnt I
fractures which resulted from altercations rarely included the
mandible or nasal bones (see-Table III).*

iandibular comminution due to blunt trauma was approximately,
twice as frequent in combination fractures as in fiandibular fractures
alone; yet lower than in the other major categories-of trauma.
Mandibular avulsion occurred in about 10 percent of the combination
fracture patients but rarely occurred in solitary vndibular
fractures (see Table 111).

DISCUSSION

The current literature on facial fractures does not afford
sufficient data for valid comparisons of facial fractures caused by
diverse forms of trauma. The literat.re, predominately, has beer.
more concerned with mandibular fractures thar. mid-face fractures,
treatment more than cause, and blunt trauma more than the other
forms of trauma.

Although most of d daca used for this study were related
to patients who received facial fractures in combat situations,
-aproximately ane-tird of the data sample involved persons acquirfzg
facial fractures in situations 'vehicular accidents, altercations, 4
sports accidents, etc.) comparable to those comonly oc-curring in the

. civilian coummnity.

III5"



•IXOER

T IN D L

Mssile trauma:
In contrast to blunt trauma, missile impact sites on the

facc arc more random in distribution. It is conjectured that if data

wk-rv compiled for a significant number of cases (including those
whic:m were fatal), this distribution would-be uniform over the
surace area. This study was based on the promise that, in non-fatal
cases, the incidence of mid-face fractures would be lower in the more
lethal forms of missile trauma, and that the relative distribution of
mandibular, mid-face, and combination fractures would reveal a
pattern based on the relative potency of various forms of missiles.

The comparatively low incidence of exclusive mid-face
fractures (34.3 percent) due to bullets suggests that only persons
receiving a tangential hit to the mid-face would survive. The high
incidence of combination fractures (20.6 percent), where the
trajectory of the bullet aligns with the mandible and mid-face,
strengthens this supposition.

The 18.6 percent higher incidence of mid-face fractures due
to fragments suggests that individuals are more able to survive
direct hits to the mid-face by fragments than by bullets. This is
due in fact to the penetration depth of missile fragments being less
than that of bullets, due to the lower momentum and higher
retardation of the fragments. In addition, the irregular
confirarations of fragments cause a more rapid retardation of
momentum upon penetration into the facial'tissues and thus a more
rapid release of expended energy nearer the surface than occurs with
bullet wounds. This is extremely;Important in the' mid-face area,
where further penetration and deeper release of energy would.
seriously affect vital structures.

In combat situations, explosions will frequently "shower"
individuals in the immediate area with rocks, gravel, glass, falling
debris, and other secondary missiles. These "non-ballistic"
missiles (including hurled objects) have lower velocities, momenta,
and energy levels than either bullets or missile fragments.
Therefore, these missiles cause a relatively higher incidence of
non-fatal mid-face fractures than bullets because of their lower
potency. Although missile fragments and "non-ballistic" missiles
each had 17 percent more mid-face fractures than mandibular
fractures alone, the comparatively low incidence of combination
fractures by '% . llistic" missiles is attributed to the less
severe type of forces involved in this class of trauma.

Unlike bullet trauma, the relatively low incidence of j
mandibular fractures subsequent to missile fragment and "non-
ballistic" missile trauma suggests that these insults are often of
insufficient magnitude to cause mandibular fractures, but still are
of sufficient force to create fractures of the mid-face. The
comparatively low incidence of combination fractures due to fragment
and "non-ballistic" missiles indicates the relatively low magnitude

6
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of these trauma as compared to that of bullets.

Higher incidences of mandibular comminution and mandibular
avulsion were recorded for penetrating missiles (bullets and missile
fragments) when the mandible was fractured alone rather than in
combination with mid-facial bones. The contrast was greatest in
bullet trauma and was related to the consistently high level of
kinetic energy associated with this type of trauma. In bullet
trauma, when this level of energy was confined to mandibular
fractures alone, a higher degree of comminution and avulsion was
recorded than when the energy was dissipated by the fracturing of
additional facial bones.

The highly variable masses and velocities associated with
"non-ballistic" missiles gave "non-ballistic" missile trauma the
widest range of insulting magnitude. It is presumed that combination
fractures were caused by the more severe levels of energy which in
effect developed higher incidences of mandibular comminution and
mandibular avulsion.

Blunt trauma: -.

Although the mandible encompasses less surface area than
the more fragile mid-face skeleton, its higher incidence of fracture
subsequent to blunt trauma insults is considered to be due to its
exposed position and the direction from which blunt trauma blows
commonly strike the face. in th4s population sample, a number.of
blunt trauma injuries were the result of altercations. The
traditional target in such situations is most often the mandible.

The relative incidence of mid-face fractures is appreciably
higher than that repo5 ted in previous studies by Rowe and Killey2

and Schuchifdt et al. This is consistent with Dingman's
contention that a rise in the incidence of mid-face fractures
becomes apparent when military reporting and high-speed
transportation accident cases are considered. Although a specific
comparison cannot be made because of the diversity of accidents and
circumstances between studies, in contrast to the combined data of
these investigators, 2 , 3 exclusive mid-face fractures subsequent to
blunt trauma were .ound to be 14 percent higher and combination
fractures were 4 percent higher; mandibular fractures occurred 22
percent less frequently. These variations are considered to be due
to the more aggressive activities characterizing a military
population; the magnitude of blunt trauma forces is considered to be
higher. As Rowe and Killey contend, blunt trauma forces of higher
magnitude effect a relative increase in the incidence of mid-face
fractures when compared to =andibular fractures.

7
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SUD!ARY

Data pertaining to 4,015 facial fracture cases due to
various types of trauma wetd ey~mined to determine the relative
incidence of: mandibular fractures alone, exclusive fractures -o f one
or more mi'd-face bones, and combination fractures of the =zndible andI
one or more mid-face -boneý; for each form of ýtraima. These findings
waer expressed-in ratio form. On analysis the following
observations were made:

L. In bullet trauma': 45.1 percent of the patients had

I perIeIt±

manfdibular fractiires alone, 34.3 ecei had excluisi-Ve mid-face
fractures, and 20,.6 percent -had- combination fractures of the
mandible a- one or more midmface bones. Exnressed as A. ratio) with.
'mandibu-a, .ractures -alone assigned a value of one, these values
beca-me 1to 0.760 to 0.454 for bullet trauma.

2.. In fragment trauma: 36.4 percent of the patients had
mandibular'fractures, 52.9 percent had exclusive mid-face fr-actures,
and 10.7 percent -had cohinaintion flrActures.: Expressed as a ratio,

these values- became 1 to 1.454 to '0.293 for missile fragmeant trauina.

3. In "non-ballistic" missile trauma: 37.9 percent, of the
patients had mandibu lar ]Cractures, 55.7 percent-had-exclusive-mid-!
face fractures,_ahd 6..treehd cobinto -cuies. -ExpresSe
As a -la~tio, these Values became- 1- to 1.437 t6 6.201- for "noa_-,
balits missile itia~ii

4. -In -blunt trauma:- 48.0 -ecxt ftepatients bad I

?pii,.ii of+ the..

mandibular fractes aingo 4316 faercenta faduexclusive duface o

:__{• ~ ~ ~ ~ ~ ~ ad varo4 type oft hra d wee o:mbinedt eemn h eation

i -fractures, aid .b c ad combination fractures of the mandible
and-one or more-mid-face -bones. f xpressed as aoratio. these f-alngus
becare 1eto 0.90n to 0.175 for blunt troauma.

8I

•L--.J oosevatins ere ade

I+ I bulet•.ruma° 451 prce• of•hepatent hI
;m mhdiula fratgrs aone,34. p~cen•hadexcusiv mi-fae I
Sfraturs, nd 2.6 ercnt hd cmbiatio frctues o th :I-•n -manibl a-oneor mre id-acebonS. xpresedas raiowiI

• : m~ndiu~a .ra~urs alne ssiged vale o one thse vlue

,,,,,,,,,,,,,,,,,,,,,,,,,,,,-,-:o---------- -- - -. ,
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5ABIX I

IINCIDENCE OF SINGLE. A-.D CONC02MaAINT FACIAL BOINE FRACTURES

Single Facial Concomitant Facial

k -Cause of InjuryJ Bone Fractures Bone Fracl:,re Cases

Bullets 353 (55.3) 285 (44...)

Fragments 753 (61.3) 475 (38.7)

"Non-ballistic!" missiles 638 (73.7) 221 (26.3)

SBlun.t trauma: 988 (75.4) 322 (24.6)

'ehicular-accidents 274 (59.3) 188 (40.7)
M!iscellameoUs -Acciderits 162 (77.9) 46 -(22.1)
Sigrts accidents 54 (8Fi6) 13 (19.4)
Altercations 498 (86.9) 75 (13.1)

"All forms of tic" 2,712 (67.5)- 1,303 (32.5) 4

*Numbers in parenthesis rare percentages calculated on the basis
of thn e total number of patients in each trauma category.

4t

:Vhiulr ccde=•: 74(5.3 18 407)-

•selaaou aclens 62(7-9 4 124) :
S • Sgrt acidens 5 (8;6) 3 19.1

S • A~ercaions498-86.9 75----- ,---
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TABLE V

INCIDENCE OF FACIAL BONES FRACTURED BY VARIOUS CUE

Cause of Tnur Mandibular Mid-Face Combination

-Tragients 447 (36-A) 650 (52.9) 131-(10.7)

"Xon-ballistic" missiles 318 (37.9) 457 (54.5) 64 (7.6)

Blunt trauma: 629 (4.S. ) 571 (43.6) 110 (8.4)

Vehicular accidents 175 -(37.9) 201 (4:3.5) 86 (18.6)
Miscellane~ous ac-cidents 100 (48.1) 100 (48.1) 8 ( 3.8)
Sports accidents 28 (42.0) 39 (58.2) none
Altercations 3206 (156.9) 231 (40.3) 16 ( 2.8)

All f~orms of trauma 1,6S2 (41.9) 1,897 (47.2) 436 (10.9)1

Previous study, year:

- i i

Row~e and Killey, 1955 336 (67.2) 1118 (23.6) 46 ( 9.2)
Rowe and Killey, 1965 5335 (53.5) 383 (38.2) 82 ( 8.2)
Schuchardt er al, 1961 1,174, (75.0.) 324 (20.7) 68 ( 4.3)
Schuchardt et a!, 1966 773 (59.0) 450 (34.3) 88 ( 6.7)

I-

" 1--f

?revious studies combined 2,818 (64.4) 1,275 (29.1) 284 (26.5) f

Numbers in narenthesis are p 3rceanre) calculated on 3he basis
of the total number of patients in each trau8a category.

• P~ceianeus ~cidnts I00(481) I0 (8.1 8 3.8

Sgors acid-n~s28 42.) 39(582) onei
A~teca~ons 26 56.9 23 (403) 6 (28)
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TABU T I
ADJUSTED RATIOS OF PMACURE ICIDENCES

Cause of Injury Mandibular Mid-Face Combination f
Bullets i 0.760 0.455

Frag-ents 1 1.454 0.293 j
lNon-ballistic" missiles 1 1.437 0.201

Blunt trauma: 1 0.908 0.175 I
Vehicular accidents . 1.149 0.491 1I
'ýiscellaneous accidents 1 1.000 0.080
SDorts accidents 1 1.393 0.000
Altercations 1 0.709 0.049

All forms of tral-na 1 1.128 0-259

Previous study, year:

Rewe an' Killey, 1955 1 0.351 0.137 I
R.oae and Kliey, 1965 1 0.716 0.153
Schuchardt at a!, 1961 1 0.276 0.058
Schuchardt et al, 1966 1 0.582 0.114

Above studies combined 1 0.452 0.101

I


